Diarrheal disease is a leading cause of death in underdeveloped countries as well as a significant cause of morbidity in adults (8, 12) . In 25% of the cases, a known bacterial pathogen is isolated (i.e., Salmonella spp., Shigella spp., Vibrio cholerae, or Vibrio parahaemolyticus). It has been estimated that another 25 to 50% of the cases may be due to viral agents, leaving 25 to 50%o with no known etiological agent. Escherichia coli, a normal inhabitant of the human intestinal tract, has demonstrated the abiity to produce enterotoxins capable of causing diarrhea in humans and animals. There are two wellrecognized enterotoxins produced by this species, heat stable and heat labile (LT), which are clearly distinguishable from each other by their physical characteristics. Epidemiological evidence concerning the role of enterotoxigenic E. coli (ETEC) as a cause of gastrointestinal illness in the United States is conflicting and unclear. Part of the problemshas been due to a lack of a rapid method for quantifying ETEC when processing large numbers of clinical and environmental samples. The development of such a method should permit clarification of epidemiological data as well as promote genetic and mechanisms of pathogenesis studies.
This study was designed to develop a rapid, relatively inexpensive, and quantitative procedure for determining the number of LT-produc- ing ETEC present in fecal or environmental samples or both. Since membrane filtration techniques provide a quantitative method of isolating certain species from mixed populations by use of selective media (6, 10), a membrane filter technique (mTEC) specific for E. coli (4) was used for isolating E. coli. This procedure allows identification of E. coli colonies before assaying for toxin production, thus eliminating the problem of false-positives and cytopathic effects of toxins produced by organisms other than E. coli. This technique was combined with the sensitive Y-1 cell assay to permit rapid identification of LT-producing E. coli colonies.
MATERIAIS AND METHODS Toxin preparations. Crude enterotoxin preparations were prepared from 18-to 24-h cultures grown at 37°C on a shaker in 25-ml flasks containing 5 ml of 3.0%o tryptic soy broth (TSB; Difco Laboratories, Detroit, Mich.). The cultures were then centrifuged (20 min, 1,200 x g), and the supernatant was decanted into sterile tubes containing 0.1 ml of gentamicin (3 mg/ml).
Toxin levels in the agar under the membrane filters were assayed by removing agar plugs (using a sterile scalpel), and toxin was extracted from the agar in 0.5 ml of phosphate-buffered saline (PBS) (4) (2, 12) , and results with strain K325 in this laboratory with mTEC medium without agar demonstrated that toxin was VOL. 13, 1981 on August 14, 2018 by UNIV OF RHODE ISLAND http://jcm.asm.org/ Downloaded from present in the supernatant after 18 h of incubation. However, the toxin was not detected in mTEC agar (Table 2) . Despite the presence of toxin in the supernatant from the initial culture, no toxin was present in the mTEC agar beneath filters on which ETEC colonies had developed for the preceding 24 to 48 h. In an effort to determine whether the medium, the temperature, or some other factor was inhibiting the production (or detectabiity) of toxin, the filter was transferred after the 18-h incubation period on mTEC medium to various media. By transferring the filters to TSA, toxin could be detected after 6 h (Table 3 ). An incubation period of less than 6 h on TSA usually resulted in a toxic effect on the Y-1 cells, although results were variable. This may have been due to a toxic h Filters were placed on TSA at 37°C after 18 h of incubation on mTEC medium. There were between 10 and 30 colonies on each filter. ' Toxin was assayed by extracting the agar with PBS and testing the extract. component of the mTEC medium still present in the filter. Since toxin was consistently detected in TSA at 6 h, this procedure was followed in all subsequent experiments.
The sensitivity of the Y-1 cells and the effect of the duration of time that the filter was in contact with the cell monolayer were examined (Table 4) . A positive response was defined as more than 75% of the cells within a 3-to 5-mm circle drawn on the plate immediately below the E. coli colony exhibiting characteristic rounding (cytotonic effect). All Y-1 monolayers were exmained 15 to 24 h after exposure to the filter. It was clear that the monolayer only required a 15-min exposure to the filter. A longer exposure gave no increase in the response and had no adverse effect on the Y-1 cells. The Y-] cells exposed to areas of the filter which were devoid of ETEC colonies showed no morphological changes. After a 15-min exposure of the monolayer to a flter on which there were 34 or more colonies, the cytotonicity was confluent, probably the result of diffusion of the toxin. However, a single toxigenic colony on a filter was detectable.
It is important to have a confluent Y-1 monolayer for the assay of ETEC colonies. A plate with a low density of Y-1 cells may not have cells under the E. coli colonies and, therefore, give no indication of ETEC present in the sample. Another problem was the removal of Y-1 cells from the plate due to their adherence to the flter when it was removed. This problem was obviated by leaving a small amount of buffer to provide an interface between the cells and the filter. The small-volume buffer which remained had no effect on the ability to detect toxin.
Differentiation of toxigenic strains from nontoxigenic strains by the combination of mTEC and Y-1 monolayer (MY-1) procedures in a mixed population was studied by assaying mixtures of strain K325 and the nontoxigenic strain 10405 ( Table 5 ). As few as 2 toxigenic colonies in 40 nontoxigenic colonies were detected, and 30 or more toxigenic colonies on a plate gave confluent cytotonicity.
Water samples from three sites on upper Narragansett Bay and two sites in Boston Harbor yielded high densities of E. coli (104 and 10"/100 ml, respectively), but in more than 300 colonies examined (Table 6 ), no toxigenic strains were detected. To determine whether background microorganisms had any effect on toxigenic strains, a water sample was seeded with a culture of strain K325. The fact that 100% of the K325 0  0  2  68  0  0  68  68  3  65  3  3  61  62  4  49  27  +  7  0  5  40  3  2  28  38  6  31  12  10  7  21  7  63  <1  0  68  63  8  31  30  +  <1  0 Number of colonies on a filter. (1, 7, 9) .
The recovery of ETEC from fecal samples showed that the MY-1 procedure could detect ETEC from a clinical specimen. With this procedure, it will now be possible to determine the ratio of ETEC to nontoxigenic E. coli in a fecal population.
The mTEC technique has recently been improved (A. Dufour and E. Strickland, Abstr. Annu. Meet. Am. Soc. Microbiol. 1979 , Q61, p. 229) to increase the overall recovery, and this improvement may also increase the recovery of toxigenic strains. Toxigenic E. coli were not detected on Y-1 cells, unless filters containing colonies were transferred from mTEC medium to TSA and incubated; hence, mTEC agar appeared to inhibit the production of toxin. However, this inhibition was not permanent, and the toxin was expressed after an additional incubation on TSA. Inhibition of toxin production by mTEC was not investigated. This inhibition is believed to be due to either the high temperature of incubation (44°C) or the acid produced by E. coli in utilizing the lactose in the medium or both. The MY-1 procedure detects LT-producing strains in both pure and mixed cultures. This method is therefore well adapted to field studies where mixed populations are present.
With the MY-1 procedure, the time required for detecting toxigenic colonies is less than that for the conventional system. In less than 48 h, tests of 250 colonies for LT production can be completed. The time required for the preparation and examination of the test was approximately 4 h, much less than the time required even by the microtiter technique (9) .
Since some LT-producing strains lose the ability to produce toxin upon laboratory passage (11), a reduction in processing and assay time may increase the number of ETEC detected. This rapid, simple, and quantitative method for detecting and enumerating LT-producing E. colt can also be applied toward studies of clinical investigation, colonization, and genetics, particularly those that characterize plasmid(s)-mediating toxin production.
